This research will provide the feasible, predictive values in metastasis of SLN biopsy among Vietnamese patients with thyroid carcinoma. 122 patients were recruited in this study with 18 men (14.8%) and 104 women (85.2%). Tumors were in T1 stage in 59 patients (48.4%), in T2 stage in 14 patients (11.5%), in T3 stage in 45 patients (36.9%), and in T4 stage in 4 patients (3.2%). The SLN was identified by intraoperative injection of methylene blue in all cases (100%). Metastasis in SLN was reported in 53 cases (43.4%). Sensitivity, specificity, accuracy, positive and negative predictive values of SLN biopsy were 79.1%, 100%, 87.7%, 100% and 79.7%, respectively. SLN biopsy is technically feasible and safe procedure, which can reveal occult metastasis among PTC patients with cN0 stage, who may get benefit from selective neck dissection. However, blue method of SLN detection makes SLN biopsy of limited use in the control of clinically node-negative papillary thyroid carcinoma because of low sensitivity and a high false-negative rate.
INTRODUCTION
Papillary thyroid cancer (PTC) is the most common type of differentiated thyroid cancer and spreads mainly via the lymphatic system. 1 Microscopic metastases were revealed in approximately 80% of adult patients with PTC. 2 It is estimated that 27-90% of PTC cases with occult metastasis of lymph nodes are detected after surgery and histologic examination. [3] [4] Although thyroidectomy with lymphadenectomy significantly increases the rate of postoperative complications, especially hypocalcemia [5] [6] [7] , recurrence appears mostly in lymph node and node metastasis can only be treated by surgery. [8] [9] [10] [11] [12] In addition, some studies show that a second surgery after recurrence of the central nodes metastasis increases the risk of complications such as recurrent nerve paralysis and parathyroid dysfunction. [13] [14] As a result, finding a method to detect occult lymph node metastasis in thyroid carcinoma is necessary for planning of treatment. Sentinel lymph nodes (SLNs) are defined as the first lymph nodes in the lymphatic drainage area, which receive lymph flow from primary tumors and are supposed to reflect the status of the remaining lymph nodes. 15 The result from SLN biopsy can be used to decide whether to perform lymphadenectomy and for pathology staging. [16] [17] [18] Advantage of SLN biopsy is that it can detect regional metastatic lymph nodes smaller than 2~3 mm in the greatest dimension that is impossible to do by other technics such as highresolution ultrasonography.
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Moreover, in contrast to metastases in the lateral neck, which can be detected by ultrasonography with high sensitivity and specificity 18 metastases in the central neck compartment are hidden by the thyroid gland, multifocal nodules, clavicle and sternum, that cause low sensitivity of ultrasonography. 18 Recently, SLN biopsy has become a common method for diagnostic of several types of cancer, especially melanoma and breast cancer. [19] [20] Benefits of SLN biopsy in breast cancer are clear: it lets to reduce the need for axillary lymph node dissection, which can cause edema of arms. 21 However, SLN biopsy application to the treatment of PTC patients still has not been thoroughly investigated. This research will provide the feasible, predictive values in metastasis of SLN biopsy among Vietnamese patients with PTC.
PATIENTS AND METHODS

Patients
This prospective study included 112 patients with PTC who underwent SLN biopsy at Oncology and Palliative care Department of Hanoi Medical University Hospital during 1/2015-1/2017. All patients were diagnosed with PTC by preoperative fine-needle aspiration cytology and had no preoperative evidence of cervical lymph node metastasis at physical and ultrasound examination. Patients with palpable or ultrasound detected lymph node involvement, distant metastasis, previous history of thyroid surgery, and other types of thyroid malignancies were excluded.
Surgical Procedure and Detection of SLN
In this study, all patients underwent bilateral level VI dissection. A transverse low-collar skin incision was followed by separation of the skin flap and a longitudinal incision at the linea alba cervicalis. Then, the thyroid capsule was carefully opened to expose the thyroid gland completely without injury of the capsule. The thyroid gland and the ipsilateral jugular vein were exposed. Then, approximately 1 ml of methylene blue was injected into 4 sites (upper, lower, lateral and central) surrounding the primary tumor. Within minutes, the stained lymphatic vessels from the primary tumor became apparent, and blue-stained lymph nodes were identified via tracing the stained lymphatic vessels. These blue-stained lymph nodes, defined as SLN, were carefully collected and sent to the Pathology Department of Hanoi Medical University Hospital for frozen section and definitive pathology investigations. Subsequently, total thyroidectomy or lobectomy + isthmusectomy were performed. All patients also underwent bilateral selective neck lymphadenectomy, defined as non-SLN. Selective lymph node dissections included bilateral level VI dissection; level II, III and IV dissection in both sides. Samples from thyroid gland and neck lymph nodes were sent for pathological examination and data were analyzed to evaluate clinical values of SLN biopsy.
Statistical Analysis
All data from research record and pathological results were imported into EpiData software and were analyzed in RStudio 1.0.136 software. The accuracy of the results on the correlation between lymph node metastasis and age, sex, tumor characteristics, as well as between SLN metastasis and the same indicators was confirmed using Pearson's Chi-squared test with Yates' continuity correction.
RESULTS
The characteristics of all subjects are shown in Table 1 . There were 122 patients, who underwent SLN biopsy, among which female/male ratio was 5.8. The mean age was 42.4 years (ranging from 20 to 68 years). More than half of the patients had tumor size below 1 cm (54.9%). The majority of the patients had unifocal lesion (82%) and normal TSH level (88.5%). According to neck ultrasound results, most patients (73.8%) had nodules TIRADS 4 (Thyroid Imaging Reporting And Data System). 22 TIRADS 4 refers to suspicious nodules (5-80% malignancy rate). 22 During surgery, T stage was evaluated. Among 122 patients, 59 patients (48.4%) had T1 stage, 14 patients (11.5%) had T2 stage, 45 patients (36.9%) had T3 stage and 4 patients (3.2%) had T4 stage of tumor.
Sentinel lymph nodes were successfully detected in all cases ( Table 2 ). The average number of detected SLN was 4. SLN located mainly at the lev-International Journal of Hematology and Oncology el VI (86.9%), followed by level VI + Ipsilateral jugular chain (9.8%) and ipsilateral jugular chain (3.3%), while at the contralateral jugular chain no SLN were detected. After resection, SLN biopsies were sent to prepare frozen section and the results were compared with specimen of routine selective neck lymph node dissection, which were sent for final pathology investigations. The positive rate of SLN lesion in frozen section and final pathology investigations was 43.4% and 46.7% respectively. There were 4 cases with negative results in frozen section analysis but positive results in permanent pathology. Pathology results of the selective lymph node dissection are represented in the Table 3 . Level VI lymph node had highest metastasis rate (45.1%) while the occult metastasis rate was only 5.7% in contralateral neck lymph node group and 22.1% in the ipsilateral neck lymph node. Sensitivity, specificity, accuracy, positive and negative predictive values of SLN biopsy were 79.1%, 100%, 87.7%, 100% and 79.7%, respectively (Table 4) .
Male had higher risk of neck lymph node metastasis compared to female (83.3% vs. 50%, p= 0.018), while patients ≤45 years old had higher risk of SLN metastasis compared to younger patients. However, other factor such as T stage, tumor size, multifocality and TSH level were not significantly related to both neck lymph node metastasis and SLN metastasis (Table 5 and 6 ).
DISCUSSION
When we are talking about papillary thyroid cancer, lymph node metastasis is related to locoregional recurrence. 11 Neck lymph node resection can reduce risk of recurrence, however it can also increase the rate of postoperative complications. [5] [6] [7] Therefore, estimation of the benefit of reducing recurrent rate and the risk of increasing complications in treatment of PTC is still on debate. If metastasis in lymph nodes cannot be confirmed before surgery, SLN biopsy can be used to decide whether to perform lymphadenectomy. [16] [17] [18] Recently, SLN biopsy has become a potential minimally invasive surgery procedure to detect nodes in patients with 
20-21
The main advantage of SLNB is to identify patients with negative lymph node to avoid unnecessary procedure and risk from surgery. 23 For description of the location and the anatomic boundaries of lymph node groups in the neck, a lot of classifications were suggested, based on computed tomography and magnetic resonance imaging, surgical landmarks or physical assessment criteria. 24 American Joint Committee on Cancer (AJCC) and the American Academy of Otolaryngology-Head and Neck Surgery (AAO-HNS) revealed the most commonly used among them. 25 The level system, that unites certain lymph nodes, which are located within different levels of the neck, is used in these classifications. 26 There are five levels of neck division on each side, while for description of lymph nodes in the anterior neck the sixth level is used. 27 Level VI is defined as anterior (central) neck compartment and includes pretracheal and paratracheal nodes, the precricoid (Delphian) node, and the perithyroidal nodes. PTC can be spread through these nodes and connecting lymphatic channels, that rises recommendation for them to be delated during surgery of thyroid cancer. During current investigation, it was shown that lymph nodes situated at the Level VI had the highest metastasis rate (45.1%). It is consistent with evaluable data, which pointed that lesions in the level VI were found in up to 90% of node positive (N+) patients, while the frequency of lateral node involvement among the patients with positive nodes may reach 51-100%, where the fraction of contralateral node is 18.4% in patients with uni-nodular thyroid tumor. 27 Many methods of SLN identification has been published.
21,28-32 Kelemen et al was the first who stated the concept of SLN in thyroid carcinoma by using patent blue dye 28 ; Fukui et al. analyzed the SLN biopsy using methylene blue staining in patients with PTC and confirmed that it is safe and feasible technique. 29 Catarci and colleagues performed a combined technique of SLN mapping using patent blue V, preoperative 99mTc and intraoperative hand-held gamma probe and insisted on using of the combination of nuclear medicine imaging and lymphatic vital dye to get the most accurate results of sentinel node identification. 30 Jee Soo Kim et al. showed that methylene blue has higher sensitivity and lower overall false negative rates compared to radioactive tracer using, but overall sentinel node identification rates for vital blue dye alone was determined to be lower than those of radioisotope alone. 21 It is true that radioisotope, and combined techniques especially (radioisotope + blue dye), give better results than blue dye alone, and so they are widely used, but these procedures are expensive, and require use in radiological laboratory with special equipment. The latter fact may significantly limit the use of radioisotopes in sentinel node identification (method may not be available in some clinics and/or for some patients) and make the use of blue dye alone more cost-efficient, and in some cases, more practical and preferable. Besides, experienced surgeons may success in identifying sentinel nodes using blue dye alone. Aside International Journal of Hematology and Oncology from that, radioisotopes are associated with radiation exposure of personnel that contacts with a patient. In the context of Vietnam, blue dye method seems to be an adequate method that can be applied to detect SLN, as it requires little time, effort or expenses, not mentioning that this method is still in use. Although various blue dyes can be used (such as methylen blue, isosulfan blue or patent blue V), universal dye does not exist; dyes have their own side effects, and data on their effectiveness are contradictory and require further study. This research is not about the effectiveness and safety of different blue dyes, but methylene blue appears to be safer because of a rare adverse reactions report. 31 Besides, it has been shown to be equally effective. Based on theses facts, methylene blue dye was selected for this research.
In this study, the SLN was detected by intraoperative injection of methylene blue in all cases (100%) with the average number of SLN, equal 4. During comparing of SLN frozen section results and neck lymph node final pathology results, this study showed that sensitivity, specificity, accuracy, positive and negative predictive values of SLN biopsy were 79.1%, 100%, 87.7%, 100% and 79.7%, respectively. Our results were fairly similar to DanGui Yan when researching 51 patients, with indices of 97.4%, 100%, 98%, 100% and 92.3%, respectively. 33 Lower sensitivity in our study may come from the fact that the latter research used intraoperative radioisotype, thus the number and detection rate of SLN increased, as a result, sensitivity may be higher. Previous study confirmed that combination of radioisotype and blue dye methods could reduce false negative rate and increase detection rates of sentinel lymph node metastases, compared to the dye method only. 34 However, by using methylene blue, we still increase the chance of finding SLN and also can rule out negative SLN cases accurately from neck dissection procedure. On the other hand, when comparing with other studies, that used methylene blue, sensitivity, specificity, positive and negative predictive values were similar to our data with 78%, 78.8%, 100%, 100% and 35 Thus, we will use combined technique in the future investigations.
Our study also found that central compartment lymph node metastasis rate was the highest (54.9%), followed by ipsilateral level II, III and IV lymph nodes metastasis rate (22.1%). Contralateral level II, III and IV neck lymph node metastasis rate was the lowest (5.7%). Noguchi during research on 68 patients with selective neck lymphadenectomy, found that 78% of lymph node metastasis belonged to central compartment lymph node and 22% belonged to carotid lymph node. 36 Some studies also pointed that central compartment lymph node metastasis rate varied from 27% to 90%, while contralateral neck lymph node metastasis rate was low. [1] [2] [3] Although some researchers have advocated routine prophylactic modified radical neck dissection 37 , the benefit of modified radical neck dissection in cases of node-negative PTC is still unclear and is not recommended by current guidelines. 38 Because of the low rate of occult metastasis of contralateral neck lymph node in our study, routine lymph node dissection in contralateral compartment may not be necessary except cases involved in positive node evidence.
When analysing relationship between lymph node metastasis and other factors such as age, T stage, sex, tumor size, multifocality, and TSH level; it was found that only sex was independent predict factor for neck lymph node metastasis and only age was independent predict factor for SLN metastasis. In previous studies, male gender was significantly associated with higher rates of neck lymph node metastasis and was an important indicator for prophylatic lateral node dissection39, but for central node metastasis sex was not predictive factor, as well as, age, tumor size, multifocality, bilaterality etc. 40 Yan et al. conducted research on 212 PTC patients and found that age was not predictive factor for central compartment lymph node metastasis, while the frequency of subclinical central lymph node metastasis was slightly greater in patients aged under 45 years 23 similarly to our research. It is consistent with previous data, which confirmed that the highest incidence of nodal metastasis is observed in young people (up to 80 % of children), who, nevertheless, have excellent prognosis, that highlights the importance of age in the initial diagnosis. 27 Other studies, however, reported that age was not associated with lymph node metastasis in PTC. [29] [30] [31] Overall, in our study SLN biopsy revealed metastasis in 53 of 57 cases, confirmed by permanent pathology. This gives us the ability to use SLN biopsy to confirm the absence of metastasis in SLN and thus, to avoid unnecessary central compartment neck dissection. Benefits of SLN biopsy in identifying and excising of clinically occult metastases in PTC patients were confirmed by prior studies. 34, [41] [42] [43] Moreover, since many factors could not predict accurately lymph node metastasis condition, we argue that SLN biopsy should be performed systematically in all cases of clinical node-negative papillary thyroid carcinoma.
Conclusion
Our study implys that SLN biopsy with methylene blue dye method is technically feasible and safe method, which can reveal occult metastasis with among PTC patients with cN0 stage who may get benefit from selective neck dissection. However, blue method of SLN detection makes SLN biopsy of limited use in the control of clinically node-negative papillary thyroid carcinoma because of low sensitivity and a high false-negative rate.
